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r ABSTRACT

The proble. of isolating machin ery vibration from platelike sub-

structures is analyzed. Simply supported, internal ly damped, square,

• rectangul ar, and circular plates axe considered, as are rectangular plates

with rigid cross members that divide the plates into separa te quadrants.
Th. machinery is supported either by eight or by fou r antivibration

mount s located sy etrically about the plate centers . The attachment

of dynamic vibration absorbers or lumped masses to the plates at each

mount location is shown to be effective in reducing the force transmitted

to the plate boundaries. The dynamic absorbers are tuned to suppress

transmissibility at the fundamental resonance of the plate of concern,

whereas the li~~ed masses become effective at frequencies above this

resonance where their impedance predominates that of the plate .

Utilization bf the circular and quadrant plates greatly reduces the

number of plate resonances that contribute to the force transmitted to

the plat . boundaries. Further , when machinery is supported by four

ant ivibration mounts on square and rectangular plates , the number of

resonances that are excited can also be reduced significant ly if the

mount locations are chosen Judiciously. However, the use of other mount

locations can yield a large ninder of pronounced resonances in excess

of those excited when the machine ry is supported by various arrangements

of eight antivibration mounts--for which transmissibility does not appear

to change greatly with the choice of mount location . - - -~~~~ 
___________
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INTRODUCTION

Consid.red here is th. resilient mounting of a vibrating item of

machinery of mass N on platelike substructures that have been modeled

as thin , simply supported, square, rectangular, or circular plates with

small internal damping. Also considered are plates that have been
- modified by the attachment of dynamic vibration absorbers or l~~~ed masses

at each mount location --or by the introduction of rigid cross members,

which divide the square and rectangular plates into four separate

quadr ants that are free to vibrate independently of one another.

The item of machinery is supported either by eight or by four

antivibration mounts that are arbitrarily , but sy etr ically , located

with respect to the plate centers. The mounts have complex stiffnesses

- K and small internal damping factors d
~ 

governed by the equation

K K(l • ‘ (1)

wl ierej .p’T and K is the rea1 part.and 6
~~

is the ratio of the

imaginary to the real part of K . Mount damping is of the Solid

Type I; that is, the frequency dependence of K and is assumed

to be negligible. 2 
-

A vibratory force P1 acts vertically on the mounted it. , to produce

a total vertical force 
~2 at the plate boundaries. For each of the

plate configurations msntionsd in the foregoing, transmissibility

T .  has been calculated in ter of a frequency ratio ~2 
~

where is is the impressed angular frequency, hereafter referred to

simply as frsji iy, aed is0 is the natural frequency of the mounting

system calculated as though the platelike smbstructures were ideally —

I . 
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rigid. Th. overall transmissibility levels may appear to be low at high

frequencies, but it should be recognized that even small amounts of

vibratory energy can excite the natural modes of neighboring, and some-

t imes of distant, platelike structures. Many of these plate modes will

be efficient radiator s of unwanted noise.

1. SQUARE PLATES

An item of machinery supported by eight identical antivibration

mounts on a rectangular plate of mass M~ and sides of lengths a and

~ia is shown in Fig. 1(a) . For a square plate , the parameter u — 1.0.

The sy etric mount locations are specified by coord inates (hi~
,hi7),

(h
~~
,h& that describe the distance of two adJacent mounts on one side

of the machine from the near plate corner, which is taken as the coordinate

origin.

The force transmissibility 1’ across the mounting system (Introduct-

ion) can be expressed as follows:

T a , (2)
(l— (Q ) — W J

k
where

0* 1
~:~

1 ,~~i~
,h17

) + r r .k ,m(h2x,b2? 1 (3)
k—l,3,5... ~~1,3,S,... ~~

‘

I

* *
‘-V
. ( 1 - B  c C )

• S * 22 ( ( 1 . A) ( 1 .C )  - 

_

~ 
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* * * * *L * _ (A •2B + C )  + 2[A C - (B) I
* 2  ‘2 ( ( l .A ) ( l + C )  — ( B ) )

I ’  and

- • 
~~~ 

- (~/ ) 2/(1 + 
~

6K~ 
• (6)

In these equations,

- 
~~~~ 

c
~,a0

~ix
VIl? (7)

k.l,3,S,... a—l,3,5,...

• B • 
~~~~ ~~~~~~~~~~~~~~~~~~~~~ (8)

k.l,3,S,... a.l,3,5,... ( )

I 

-

2y 
~~~R~~2x1h& 

(9)
kal,3,S,... a—1,3,5,...

*
* l . A  - Br .  

* * , (10)
1 - B  c C

~~~
Chj~

,hj ,,) • sin kw (h~~/s) sin sir(h~,/pa) , (i — 1,2) (11)

X’. ((B) ~~— l J  , (12)

1-~’~~~
- 

~~~~~~ — — — -.J ~;‘~~

_

______ - - - -
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and

[~~J — ~ k2
~~ ~~~~~

where

(14)

If the damping factors and associated with the Young’s modulus and

shear deformations of the plate material are equal, as may realistically

be assumed,2 4  then the Poisson’ s ratio of the plate will be a real rather

than a complex quantity, and the parameters p and q of Eq. 13 describe

the real and imaginary parts of the parameter -

(n a) — na/ Cl + J6E)
¼ 

, (15)

* 5where ii is the complex waven*aber of the plate. It can be shown that

I-• 
1 (1+D E)’9p .na l + I 

. (16)• L2~ 
2 / 2 D~J

and

I-• I ~ ( 1 +D5)~ )
q— - n a I ‘ - I , (17)

~~ 
2 1 7 D5J

where

— (1 • 6~)~ . (18)

_ _ _  
_ _  
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Finally, th, frequency ratio fl and the dimensionless product na are

related as follows:

(na/2) 2E 
, (19)

where

NM — ir ,‘ri + p2)/2~ (20)

is the value taken by (na/2) at the fundamental resona nt frequency w1~ of

the unloaded plate , and

— W
1•~~
/W~ . (21)

Odd integral values of k and a appear in the si~~ ations of
• 

- Eqs. 3 and 7-9 because only the sy etrical plat e modes contribute to

plate transmissibility.5 Whereas force s are transmitted to the plate

boundaries when the antisy etric modes are excited (k and a even),

the net upward and downward components of these forces counter one
- another exactly. Values of k and a through a range of at least

• 1-99 have been employed in all si~~gtions evaluated here.

When the ite. of machinery is supported by only four antivibration

mounts, as in Fig. 1(b), 
~~~ 

• k2,~, and lily S h~~, so that Eqs. 7-9 for

A’, B’, and C’ become identical; and the expression for transmissibility

reduces to •

- 

T —  ‘ 2  , (22)
[ l — ( f l ) — y e )

where

• -~~~‘ f Z 1Lt_ • ~~~~~~LL -
-- ‘— - - - - • 

-

- -
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* 
16(8*)4 Pk a (h ,h )  

(23)
k.l,3,5,... m—l,3,S,...

and

• - 
• 

4
~~,m

0tx h%y) 
(24)

k—l ,3,S,... a—l,3,5,...

Note that, for the system of Fig. 1(a) , the natural mounting frequency w0
(Introduction and Eq. 6) is defined as

— (8Kfl.0½ (25)

whereas, for the system of Fig. 1(b),

• 
— 2(K/M)½ 

. (26)

Plotted in Fig. 2 are the results of transmissibility calculations

made from Eq. 2 for a vibrating machine supported by eight mounts on a

square plat e (u - 1.0) having the relat ively small damping factors

— — 0.01. The mounts are uniformly spaced such that h1~ 
— 0.2a,

- 0.4*, and h
17 

- h~~ - a/3; here, and subsequently , the mount damping

factors — 0.05 . Th. mass and frequency ratios are y - M/M~ - 4 and

- çu11/ci~0 — 4. The transmissibility when the plate is ideally rigid

is shown by the dashed curve. Note that the first transmissibility peak

(solid curve) occurs at a smaller value of the frequency ratio fl -

than unity because the effective stiffness of the mounts is reduced by

the plate flexibility . Again , the second peak occurs at a greater value

1LIT~~- -
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of (2 than 4 because the natural frequencies of the plat e are shifted to

higher frequencies by the springlike constraint exerted by the mounts .

The transmissibility curve of Fig. 2 is characterized by many

resonances as compared to curves that have been calculated for an item

of machinery support ed by beamlike and modified beamlike substructures.6

Furthermore, the curve of Fig. 2 is typ ical of many other curves that have

been calculated for a variety of mount locations. For example, no

advantage existed to deploying the eight mounts in circular configurations

of different radii and equal angular spacings about the plate center. Nor

could custo mary linear mount configurations be found that provided

noticeably reduced ni~~ers or levels of transmissibility peaks .

By contras t , Judicious choice of mount locat ions is possible when

an item of machinery is supported by only four mounts , and results com-

parable to those of Fig. 2 can be obtained. Unfortunately, the use of

other, less favorable, mount locations can then greatly increase the

extent to which the plate reson ances are excited. This is evident in

Fig. 3, which relates to the same square plate as before and to four

mounts having symeetrical locat ions specified by hi/a — h,/a - 0.25 .

The mass and frequency ratios y - - 4 remain unchanged in value. The

trans missibility curve is now far more “spiky” than in Fig. 2, and the

plate will respond more strongly than before to the amplitudes of the

disturbing frequencies from the mounted item. However, by contracting the

mount separation until hi
/a — h/a — 1/3, the transmissibility curve of

Fig. 4 is obtained with a smaller density of resonances ; in fact , this

Judicious choice of mount locations has halved the number of plate resonances

that are excited. Thus, excitation by an impressed force of any mode of

plate vibration, other than the first, can be avoided5 if the force is

located at any 2.~ !!~ on a nodal lin e of the particular mode of concern.

-~ • • - •-,~ • - -~~- •~- -~-•• - - .-~~~I•’~ 
•-i •-
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This fact has been used to advantage in the present situation , where each

of the four mounts is located on nodal line s of the [(3 ,l) ,(l,3fl , (3,3),

((5,3) (3,S)] , ((7,3,),(3,7fl,..., modes, which ai no longer excited;

• rather , only the following sequence of sy etrical modes is observed:

1 (1,1), ((5 ,l),(l,5)], ((7, l),(l,7),(S,S)J , ((7 ,5),(5, 7 ) ] , . . .

t
2. CIRCULAR PLATES

The possibility has been exi~4ned of mounting machinery on circular

platelike floor areas. Such an area, for example, could be supported

around its perimeter by a rigid circular rib and be separated by an

I - expansion Joint from the adj acent floor areas of the square or rectangular

machine ry room in which it is located. This situation is modeled in

Fig. 5 (a) , where a simply supported circular plat e is excited sy etri cally

- 

by four , equal, in-phase vibrato ry forces . The forces are transmitted

fro m an item of machinery of mass 14 by mount s of equal stiffness that

are located on the plate at equal distances Aa’ from the plate center ,

where a’ is the plate radius (and, thus , the ~~~~~~~ of the sides of

the circumscribing square) . The parameter A , which should not be confus ed

with the complex quantity of Eq. 12, is chosen such that 0 < A < 1.0.

The force transmissibility T across the mounting system to the

• plat. boundaries is governed by the equation

I * * 2  *T —  I Y /El - ((2) + e ] I  , (27)

where

* *e — y(n’a’) 0 IA , (28)

p 
•_ ~...:~~ •~~~_ •  -- • ~~~

•
~~

-. • - 
~~~~~~~~~~~~~~~~~~~~~~~
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[

~oAIo + b oAJ o) -~~~,(J0xI1 + 101J 1)

] 
, (29)

00 a’~~o 1  10 (na’)

*and Q is again given by Eq.6in which

(2 — (na~)
21I/(2 2325)2 

. (30)

As before , ! - w~~/w0
, where is noi~ the fundamental resonant frequency

of the circular plate of mass Nj ,. In addition, y — K/Nj , and

.* * *0 — a / S  , (31)

where

• 
R - A(2A .:,(J01

I
0~
) - (na’)(JOAYQA +AXOlIOA)(

~~
,(JlIO + J011)-2J010J

• (n
*a~) (J01)

2E$ , (Y110+11Y0)-2Y0I0] + A (n*a~) (I~A)
2[4~, (JlKo l Jo)••2JoEo1}(n*a~)

- 
(32)

and

5* — ~4 A(~~,(31t0 ~ ~~‘i
) — 0o (n*a~) 

. (33)

In these equations, such abbreviations as J0, I~, Y~~, end K01 have been used

to represent the ordinary and modified Bessel functions J0(n a’), 11(n a’),

Y0(n  a’), and K~,(An a’); in addition

A — 2 / i r  (34)

• 

_ _ _ _ _  
_ j

~~~~~~~~~~~~~~~~~~~ 
-
~~~ --~~~~~ aL ~~~~~~~~~~ ~~~~~~~~~~ JLU~~

• -
~~~~~~~~ • • • •
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* 
- 

*

— (1 v)/(n a’) , (35)

where v is Poisson ’s ratio. All Bessel functions have the complex argu-
*

• 
- ment it a’ , a dimensionless product that is given by Eqs. 15-18 in which

the quantity a is currently replaced by the plate radius a’ .

Selection of the values A — 0.4714 and 0.7071 yields mount locations

that are congruent to those utilized on the square plates considered in

Figs. 4 and 3, whore hi/a — h/a — 1/3 and 1/4 , respectively. For example,

the solid transmissibility curve of Fig. 6 has been calculated fro m Eq. 27

with the mass and frequency ratios y - • 4 and the plate damping factors

- • 0.01, as before, and with mount locati ons specified by the value

A — 0.7071. Although these mount locations were previously associated with

a pronounced resonant response of the square plate considered in Fig. 3, only

one-third of the number of resonant peaks is now in evidence. Moreover, the

dashed curve of Fig. 6 shows how the mount spacing can be contracted to

avoid the excitation of the second sy strical plate resonance; thus,

• because the mounts now lie on the single nodal circle (for which A - 0.4414)

accompanying this resonance, the normally anticipate d transmissibility peak

(Q~~ 25) has been replaced by a broad trough of sig nificantly lower level.

To conclude , it should be recognized that a favorable example has

been considered in the foregoing, and that the overall reduction in the

number of plate resonances exci ted would be aich smaller had comparison

been made, for example, between transmissibility curves calculated (1) for the
judicious mount locations chosen on the square plate considered in Pig. 4 , and

(2) for the corresponding mount locations (1 — 0.4714) on the circular

plate. This is not because the adoption of the circul ar plate would be

ineffective but, rather, becausi the Judicious choice of mount locations had

proved extremely effec tive in the first instance .

__________________________________________________- ~~~~~~

~ 
;
~9__. ~~~~~~~ ~- - - - - r —t,r~~
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r - 3. QUADRANT PLATES

Th. possibility of mounting machinery on divided plates has also been

e~ —4ned. Thus, in Fig. 5(b) a rectangular plate is cut by expansion joints

into four identical quadrants that are supported. by ideally rigid cross

embers . Each quadrant is assumed to have simply supported boundaries, to

be free to vibrat , independently of the other three quadrants, and to be

driven solely by the force transmitted by a single antivibration mount.

The four impressed forces of Fig. 5(b) are assumed to have equal gnitude

t and phase, as in Pi5. 5(a) and Sec. 2, and to be sy etrically located.

Because the quadrants have a fundamental resonant frequency that is four

times higher than that of the undivided plate, the vibration levels and
• 

- 
the transmitted forces at this fundamental resonance, and at higher

resonances , will be reduced significant ly because the antivibration
• mounts will have greater effectiveness at thesi higher frequencies.

If transmissibility T is defined as the total magnitude of the

output forces at the boundaries of the qu’Arsnts divided by a force

impressed us in Fig. 1(b) , and if the quadrant sides have the lengths

a’ - */2 and us’ • ua/2, then it can be verified that

• , , (36)
(1- (Q) - r(C ) I

where (T) ’ and (() ‘ are gives by Sq.. 23 and 24 in which ~nd

have bass replaced by

C 0 up fb 2 • ~~~~~ 
½

(0 ) • 1 (37)
(ma ’)

and

• --~~~~~~ —.• •- 
~~- —- • - • - •• • • • _ _ _• •

~

4 ~~~-
.
- ~~• —
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- -~i~,m
0’x ” 1’y ’~ 

— sin k1r(h
~,

/aP) sin mlr(h1,/ua’) . (38)

In Eq. 38, the coordinates h
~, and hyo describe the distance of the mounting

point on the lower left-hand quadrant plate of Fig. 5(b) from th. near plate
corner. In addition, the si tions of Eq. 24 now encompass every integral

*value of km — 1,2,3,..., the parameter ~ is defined by Eq. 6 in which

(39)

and ~y — M/M.~,. Here, as before, the mass 14, the quantity N,,~ (Eq. 20), and

the frequency ratio ! - w11/w0, relate to the undivided plate having sides
-[ of lengths a and via. Finally, the parameter (n a’) in Eq. 37 is specified

by Eqs. lS-l8 in which- a is repla.ced by- a’ -* /2.

Transmissibility calculations that have been made from Eq. 36 for a

square plate (~a • 1.0) having square quadrants are plotted in Pig. 7. For

both curves of this figure, the mass and frequency ratios y - E - 4; the
plate damping factors 68 - a 0.01, as in all previous calculations. The

mounts are also located as they were on the undivided plates. Thus, the

solid and dashed curves have been calculated for h
~

,/s ’ - h
7 /a’ • 1/2 and

2/3 -- values for which thi mount locations match those utilized in Figs. 3

and 4, respectively The fundamental resonance of the quadrant plates is

seen to occur at a frequ ency that is essentially four times higher than

that of the fundamental plate resonance evident in the prior figures;
- namely, it occurs whirs ~2 :  16, as expected. Moreover, for both mount

locations , the quadrant-plate resonances excited are only one third

as numerous as the resonances evident in Figs. 3 and 4 throug h the same

frequency range of calculation.

~ ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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The judicious mount locations of Fig. 4 have remained equally effective

In Pig. 7 and have resulted in the appearance in the dashed curve of only

three quadrant-plate resonances , except for minute responses fro m the

[(2,l),(l,2)], (2,2) modes where Q : 40 and 64. (These modes , which are

nonsyasetrical, would not be excited were the quadrant plates unconstrained

by the antivibration mounts.) Effectively, then, only the (1,1), ((5,1),

(1,5)1, and ((7,l),(l,7),(S,5)] modes of the quadrant plates give rise to

resonances in the dashed curve of Fig. 7, and the excitation of the ((3,1),

(1,3)3, (3,3), and ((5,3),(3,S)] modes at intervening frequencies has been

avoided because the antivibration mounts have been located at points on

nodal lines of these modes. Although the predict ed performance of the

quadrant plates does require that the supporting cross members (Fig. 5(b) ]

remain rigid , the use of such plates appears to represent one effective

approach to mounting machinery on platelike floor areas.

4. RECTANGULAR PLATES

Rectangular plates having identical aspect ratios 1’ - 1/2 are con-

sidered in this final Section. The effectiveness of mounting machinery

on quadrant plates is illustrated again in Fig. 8. The value of attaching

dynamic vibration absorbers or li~~ed masses to undivided plates at each

mount location is demonstrated subsequently.

The transmissibility curves of Pig. 8 have been determined for new

values of the mass and frequency ratios y - — 6 and ! . i~ 1/w0 • 5,

• and for values of the mount and plate damping factors 6~~
. 0.05 and

• • 0.01 that will be utilized throughout this Section. The solid

curve relates to the unting configuration of Pig. 1(a) • where eight

antivibratios mounts are uniformly spaced beneath the item of machinery
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The dsshed

curve shows how the maber of transmissibility peaks can be reduced signi-

ficantly if four antiv ibration mount s are deployed on the quadrant plates

of Fig. 5(b) such that h
~. • 2a’/3 h~1 — 2ua’/3 — a’/3. For these

judicious mount locations, as before , the (3,1),(l ,3) ,(3,3) , (S,3),...,

modes of the quadrant plates (p - 1/2) are not excited.

For the undivided plate , the fundamental resonance that occurs at the

frequency o~~ is the most pronounced and potentially the most troublesome

plate resonance encountered . Here, in Fig. 8, th . severe loss in isolation

observed èt the frequency w~1 has been mitigated by the introduction of the

quadrant plates . Thus, the transmissibility peak at the fundamental

resonance of the quadrants (fl : 20) lies some 13.5 d3 beneath the peak at

the fundamental resonance of the undivided plate (Q: 6) , even though it

r~~ 1”s essentially as “abrupt” as before .

Peak values of tran smissibil ity can also be reduced effectively by

attaching dynamic vibration absorbers to the undivided plate , for example ,

at all four mount locations. One such dynamic absorber is shown in the

broken area of Pig. 9(a) . The four dynamic absorbers have identical

design, and each cepi ses a 1i~~ed mass Ma that is connected by a spring

of stiff ness and a dashpo t having a coefficient of viscosi ty fl~ to the

plate , the motion of which is excessive at some resonant frequency that,

in this instance is taken to be w11. The absorbers ar. tuned to resonat e

at a frequency neighboring ~~~ at which their motion becomes relatively

large , whereas the motion of the plate and the force transmitted to its

boundaries are —‘-4a1zed. The absorb.rs have natural frequencies 
~a

and damping ratios 6~~. ~ a~
’T1ac) ~ a’~a’~~a~’ 

whei~ ‘~ac is the value of the

coefficient of viscosity required to damp the absorbers critically.2

- 
-
.
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The force transmissibilit y acros s the mount ing system of Fig. 9(a)

(Introducti on) can be expressed as follows :

*
T .  T 

, (40)
((1 - ~ 

) 1(1 — 

~~ 
• — 

~~~~~

* * *where Q ,y, T ,and C are given by lqs. 6, 14, 23, and 24, and

* 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _e .  2 (41)

- 

~~~~~~~ 
1

In these equations

— 4Ma/Mp (42)

— 2~~l1~~a~ aSR ‘ 
(43)

and

(Ww )
~ •..L.• ° .; • (44)

w~1 ~~~~~~ —

where Q d ! are again related by $q. 19. The so-called timin g ratio

ia/mli and the dumping ratio are design parameters of the dynamic
_______ d the choice of suitable values for them is Important if the

foil effectiveness of the absoibers is to be realized. The values chosen

In this sitmetien ma’s those determined previously for a single absorber7

att.rh ,d to the ~~~ eiat ef a rsct galsr plate that i. driven centrally

by a vtbrstesy peint force. Aiths~~ four dym~~ c absorbers U’s mm’

• - -
~~~~~~ 1~~~

. - 
~~

-- J
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attached to a plate that is driven simultaneously by four noncentral point

forces , the absorber timing and damping ratios established previously 7

have been found to yield very satisfactory results in the present

situation. (Note that the timing and damping ratios should relate to

an absorber of mass M
~
, not 4Mg. For example, if Ta ~~a

Mp . 0.2 , the

appropriate values of 
~a~

’Wll - 0.869 and • 0.268 are those tabulated

In Ref. 7 for an absorber of mass N • 0.05 N~ that is attached to a

rectangular plate of aspect ratio p - 1/2. Equally massive absorbers

attached to square plates, and to rectangular plates of other aspect

ratios , would employ similar values of w /w11 ~~
The effectiveness of the dynamic absorbers is illustrated in Fig. 10,

where the dashed curve relates to the trr saissibility across the mounting

system of Fig. 1(b) supported by a rectangular plate for which Y ~ 6

• 5, and p • 1/2. The four anttv ibration mount s are again located

judiciously where h,/a . h~/pa - 1/3. The solid curve predicts the

transmissibility across a duplicate mounting syste m to which four dynamic

absorbers have been attached in the manner of Fig. 9(a) . Th. absorbers

have the mass ratio Ta ~ 0.2 , so that the appropriate values of

and are those specified in the foregoing . Althoug h each absorber has

only five percent of the plate mass , the absorbers are highly effective

in suppressing the f ~~~ta1 plate resonance to which they are timed.

In fact, the transmissibility peak where Q * 6 has essentially been

suppressed by a factor of ten in magnitude. Moreover , as observed pre-

viously fo r foundation bea with clamped term inatio ns,6 the relatively

large damping ratio of the absorbe rs is also markedly effective in

P s~ ip .ssing the plate resonances at higher frequencies , particularly

thee. adjoin ing w~~. It is encouraging that the practical design of

absorbers to s4~r.ss resonant floor motion has been discussed in

efs. 9 and 9.

r~r— ~~~~~~~~~~~
-- ~~~~ 
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Finally, it is instructive to consider plates that are mass loaded at

each mmmt location, as in Fig. 9(b) . The transmiss ibility in this case

follows readily from Eq. 40 when it is recognized that the dynamic absorbers

of Pig. 9(a) will degenerate into lumped masses Ma if the absorber springs

or dampers are made infinitely stiff or visc ous . In either case , the
*parameter 8 - 1.0 In Eq. 41. No other modification is required. Rep-

resentative calculations of transmissib ility appear in the final Fig. 11,

where the dashed c~~ e shows the transmissibility across the basic ount-

ing system of Fig. 1(b) for whichp -l/2. Once again, y- ! -4 , and the

antiv ibratio n mounts are Judiciously located where h3/a - h,/Ua - 1/3.

The transmissibility across an identi cal mount ing system to which lumped

sses have been added at each mount location , as in Fig. 9(b) is shown

by the solid curve. The total added mass is equal to that of the mounted

item of machine ry ; namely , T5 4Nj/MP - 4. Use of such heavy mass load-

ing is necessary if the overall level of the transmissibility curve is to

be reduced sig nificantly. For a value of Ta - 1.0, the resultant
-: transmissibility curve would lie approximately halfway between the solid

and dashed c~~ves at frequencies above the fundamental plate resonance

(0* 3 ) . Moption ofa ma ss ratio as small as o.2 -- that of the dynamic

absorbers utilized previously -- would be ineffectual in reducing trans-

missibi lity much below the level of the dashed curve, except at very high

• frequencies where the impedance of the loading messes Ma would eventually

predosiante the plate impedance.

The mess.s Ma shift the plat . resonances and the accompanying trans-

missibility peaks to lower frequencies , as the solid curve (Ta U $) of

Pig. 11 indicates . Such a frequency shift , which is always apparent when
2 6 7a structure is mass loaded , ‘ ‘ has the d.tr iasntal effect here of

• increas ing th. level of the trans missibility peak at the frequency ~~~~

— L~ Lt ~~ — 
~~~~~~~~~ --~~ -.- - 

-
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of the fundamental plate resonance. However • at higher frequencies, adoption

of the substantial mass ratio has provided very large reductions in trans-

missibility. In fact, no transmissibility peaks are evident (within the dB

range considered) once the frequency ratio 0 > 88. Although the use of

quadrant plates would yield considerably fewer transmissibility peaks than

presently appear in the dashed curve of Fig. 11, it should be recognized

that, for the quadrant plates, the trans missibilit y would follow the level

of the dashed curve rather than the greatly reduced level of the solid

curve for the mass-loaded plate of Fig. 9(b).
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V
FIGURE LEGENDS

Fig. 1 Rectangular plates with simply supported boundaries, mass tip , and

sides of lengths a and ~a. A vibrating item of machinery of

mess H is supported (a) by eight, and (b) by four, symeetrically

located antivibration mounts, each of complex stiffness K

Fig. 2 Force transmissibility across the mounting system of Fig. 1(a)

supported by a square plate (ii a 1.0). Antivibration mounts are

uniformly spaced such that hj~ 
- 0.2a, h1y - Ua/3 a ~/3, and

h2~ — 0.4a, h~, — a/3. Mass ratio y — M/14 a 4; frequency ratio
U a 4; mount and plat e damping factors a 0.05 and

- 

SE S 6 G U O.0l.

Fig. 3 Force trans*[ssibility across the mounting system of Fig. 1(b)

supported by a square plate. Antivibration mounts are located

5UCh th*t hx Uhy 5 O
~25a• The parametersy— E— 4, 6K °05 ’

Fig. 4 Force transmissibility across the mounting system of Pig. 1(b)

supported by a square plate. Antivibration mounts are judiciously

• 1ocated such that h
~~

a h
~~

U a /3. The pa raaet e r sy a ! -4 ,

a ~~~ and 6E 0.01.

• Fig. S (a) A circular plate,. and (b) a rectangular plate divided into

quadrants. The plates have simply supported boundaries and mass

• tip . The circular plat. of radius a’ is excited by forces from

four antivibration mounts symeetrically located at a distance

- Aa’ from the plate center. The identical quadrant plates, which

have sides of lengths a, and na’, are likewise excited by

forces from four sy etrically located antivibration mounts.

r —.— ~~~~~~~~~ 
—

• •

- ~~~~~~~~~
- 
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-
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FIGURE LEGENDS -- CONTINUED

Fig. 6 Force transmissibility across a mounting syste m supported by four

antivibration mounts on the circular plat e of Fig. 5(a) . For the

solid curve (~ 
a 0.707l) , the mount locations co1~ncide with those

utilized in the calculations of Fig. 3. For the dashed curve

(p a 0.4414), the mounts lie on the nodal circle of the second

sy etrical plate mode, which is consequently not excited. The

parameters ~~ — — 4, ‘S
~ 

a 0.05 , V a 1/3, end 6E — 6G — 0.01.

Fig. 7 Force transmissibility across a mounting system supported by four

antivibration mounts on the quadrant plates of Fig. 5(b) when

p - 1.0 (square quadrants). For the solid and dashed curves

— hy~ • a’/2 and 2a’/3, respectively), the mount locations

coincide with those utilized in the calculations of Fig. 3 and 4.

The parameters y — — ~~ — ~~~~~ “i 6E ~c 0.01.

Fig. 8 Force transmissibility across the mounting system of Fig. 1(a)

supported by a rectangular plate for which p - 1/2 (solid curve).

Eight antivibration mounts are uniformly spaced such that

• hj~ 
- O.2a, h1y — pa/ 3 — a/6, and h~~ a 0.4a, h~~ a a/6. The

dashed curve shows the force transmissibility across a mountin g

syste m supported by four a.ntivibrat ion mounts on the quadrant

plates of Fig. 5(b) when p — 1/2. Th. mounts are located such

that )t
~
, a 2a ’/3 , h , a 2pa’/3 • a’/3. For both curves , they

parameters y — 6, ! — ~ U 0.05 , and 6G a 0.01.

Pig. 9 Vibrat ing item of machinery of mess H supported by four sy etr ically
a

located antivibrati on ounts, each of complex stiffness K , on

rectangular plates with simply supported boundaries , mass t ip, end

sides of lengths a. and pa. (a) Dynamic vibration absorbers of

- - •- 
-

-
• - - - -------- - - _____- - -  _ _-  

- - -~ ~~~~~~~~~ :“- : ~~~~~- 

_ _ _  

_ _



25

P1GM! LEGENDS -- CONTINUED

mass N~, and (b) li~~.d loading messes Ma~ 
are attached to the

plates at each mount location.

Pig. 10 Force transmissibility across the mounting system of Fig. 9(a)

supported by a rectangular plate for which p - 1/2 (solid curve).

Mounts and dynamic absorbers are located such that - a/3,

h7
a p a /3-a/6 .  Porthed7n ic absorbers~~i~~a 4$I /M~~a O.2.

Wa/(Il
~.u

UO 8 6 9
~ 

andSaO.268 . The paramstersya6, ! - S ,

— 0.05, and SE 8~ 0.01. The dashed curve shows the

transmissibility across the same mounting system when the

absorbers are absent C;- 0).

Fig. 11 Force transmissibility across the mounting syste. of Fig. 9(b)

supported by a rectangular plate for which p — 1/2 (solid

curve) . Mounts and ltmped uses are located such that

hx U $/SI h1UU& / S Ua. / 6• The paraaeters~~~~-4M~/M~~- 4 ,

~~~ !a4 ,8~~a O.OS, and 6~~~ 6~~~ O.Ol. The dashed curve

shows the transmissibility across the same mounting system

when the loading messes are absent C; — 0).
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